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@ In a method of forming a stator for a stepping 
motor, the present invention first performs the cut- 
ting and bending process for forming comb teeth 
(16) by cutting a flat section (12) of a plate formed 
with a cylindrical section (14) around the flat portion 
(12) and bending the comb teeth (16) up to a first 
angle. Next, in the bending and thickness reducing 
process, the comb teeth are bent up to a second 
angle larger than the first angle and the thicknesses 
of the comb teeth are reduced so as to be uniform. 
Then, the first drawing process is performed to draw 
the cylindrical section at least one time. Rnally, in 
the t)ending process, the' comb teeth are bent up to 
a right angle. Thereby, the occurrence of cambers of 
the comb teeth and inclinations of comb teeth in the 
peripheral direction can be inhibited. Also, the 
squareness of the conrib teeth can be improved. 
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BACKGROUND OF THE INVENTION 

Fleid of the Invention 

The present invention relates to a method of 
manufacturing a stator for a stepping motor and 
more particularly to a method of manufacturing a 
stator for a micro stepping motor whose outer 
cylindrical section has the diameter of 30 mm or 
less or a stator for a small size stepping motor 
having an outer cylindrical section drawn deeply. 

Related Background Art 

Generally, a stepping motor has, as shown In 
Rg. 1, a rotor 1, a shaft 2 and stators 3i, 82. 4i 
and 42. The stators 3i. 32. 4i and 4^ are each 
fonmed with a plurality of magnetic pole teeth 
(comb teeth) 3a, 3b, 4a or 4b at regular intervals In 
the peripheral direction. It is preferable to fonn the 
length of the comb teeth 3a. 3b, 4a and 4b long in 
order to increase the effective magnetic flux gen- 
erated by the excitation of excitation coils 5a and 
5b. However, when the comb teeth are formed by 
blanking simply a center of a single frame plate as 
conventional, the length of the comb teeth be- 
comes less than half a blanking diameter, so that 
there Is a limitation to obtain large effective mag- 
netic flux. Although Japanese Patent Publication 
No. 57-211964 discloses a method for solving the 
above problem, study was made to investigate a 
further problem upon manufacturing and a method 
was proposed in a United States Patent Application 
filed on March. 1, 1994. 

However , when the stepping motor is formed 
to be a micromotor or the outer cylindrical section 
of the stepping motor is drawn further deeply, 
above methods are not conducted much, since the 
outer cylindrical section is shaped so as to be 
drawn deeply as shown in Figs. 3 to 5. Such a 
method wherein the cylindrical section is drawn 
deeply has been proposed in Japanese Patent 
Publication No. 3-53854. 

In this method, as shown by a cross section in 
Rg. 12A. first, a frame plate 10 is subjected to a 
drawing process to form a cylindrical section 14 on 
the outer periphery of a flat section 12 such that 
the diameter of the flat section 12 becomes Di. 
Next, as shown In Rg. 12B. a plurality of comb 
teeth 16 are cut from the flat section 12 and raised 
from the flat section 12 at a right angle such that 
the inside diameter of a concentric circle drawn by 
the root portions of the comb teeth becomes di 
and tips of the comb teeth are located close to the 
outer periphery of the flat portion 12. Next, as 
shown in Rg. 12C, the cylindrical section 14 is 
further subjected to a drawing process to make the 
diameter of the fiat section 12 becomes D2. Rnally, 



as shown in Rg. 12D, the cylindrical section 14 is 
subjected to a final drawing process to make the 
diameter of the flat section 12 be D3 and simulta- 
neously the lower portion of the cylindrical section 

5 14 is bent at a right angle thereby to complete a 
stator. According to this method, it is possible to 
make the length of the comb teeth equal to or 
more than half the value obtained by subtracting 
the inside dimaeter di of the concentric circle of 

10 the comb teeth from the diameter D3 of the flat 
portion 12. 

However, there are following problems in the 
above conventional method. 

(1) The cutting and raising process is performed 
75 such that while the plate is supported by a die 

from under, a punch is lowered to punch the 
plate to form the comb teeth and the punch is 
further lowered until the comb teeth are brought 
Into contact with the peripheral surface , of the 

20 die to be raised at a right angle. Also, the punch 
is formed such that it Is first brought into contact 
with a portion of the flat section 12 closer to the 
cylindrical section 14 and thereafter brought into 
contact with gradually inner portions of the flat 

25 portion 12. Therefore, the force applied to the 
comb teeth during the cutting and raising pro- 
cess is shifted gradually from the tips of the 
comb teeth to the root portions thereof. As a 
result, distortions occur in the comb teeth. Then, 

30 after the cutting and raising process, cambers 
are produced on the comb teeth 16 as indicated 
by the broken line In Rg. 13 differently from an 
Ideally straight shape as indicated by the solid 
line in Rg. 13. The occurrence of the cambers 

35 causes the power of a motor to be lowered. 
Especially, when there are variations of shapes 
of the cambers of the comb teeth, the power of 
the motor is further lowered. 

(2) Also, in the cutting and raising process, if 
40 there Is a problem regarding the intensity of the 

die when the cutting and raising of all the comb 
teeth are performed at a time, the cutting and 
raising are performed two or three times. In this 
case, after the first cutting and raising process, 

45 spaces are formed in the flat portion, where 
some comb teeth are cut and raised. Then, in 
the second cutting and raisirtg process, a force 
(In the peripheral direction) directed to the 
spaces is generated, which causes comb teeth 

50 for the second cutting and raising process to be 
distorted in the peripheral direction as indicated 
by the broken line in Rg. 14 differently from the 
Ideal shape as indicated by the solid line. That 
is, the inclinations of the comb teeth occur in 

55 the peripheral direction. When the resultant sta- 
tor constitutes a stepping motor. Such inclina- 
tions in the peripheral direction causes vari- 
ations in calculation of step angles, resulting in 
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the decrease of the positioning accuracy. 

(3) . Also, although a surface treated steel sheet 
is utilized as the material of the plate 10, there 
are variations in thickness of the surface treated 
steel sheet due to the rolling characteristics 
thereof. For example, usually, there are about 
4% maximum difference of the variations in 
thickness in the width and rolling directions (Fig. 
15). When such a plate with variations In thick- 
ness is subjected to the cutting and raising 
process to form the comb teeth, the squareness 
or right angle accuracy of the cutting and raising 
is lowered, reducing the power of the motor 
together with the cambers of the comb teeth. 

(4) When the drawing process Is conducted after 
the cutting and raising process, a force is ap- 
plied to the raised comb teeth during the draw- 
ing process, which causes the comb teeth to be 
distorted in the radius or peripheral direction. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention 
to provide a method of manufacturing a statbr for a 
stepping motor in which the above problems occur- 
ring during the cutting and raising process are 
solved. 

For achieving the above and other objects, a 
method of manufacturing a stator for a stepping 
motor according to the present invention, com- 
prises the cutting and bending process for forming 
a plurality of comb teeth by cutting a flat section of 
a plate formed with a cylindrical section around the 
flat section and bending the comb teeth up to a 
first angle; the bending and thickness reducing 
process for bending the comb teeth up to a second 
angle larger than the first angle and reducing the 
thicknesses of the comb teeth so as to be uniform; 
the drawing process for drawing the cylindrical 
section at least one time; and the bending process 
for bending the comb teeth up to a right angle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 is a partly broken diagram showing a 
stepping motor; 

Rg. 2 is a partly broken diagram showing a 
stepping motor formed by drawing the outer 
cylindrical section of the motor of Rg. 1 deeply; 
Rg. 3 is a cross section of the motor in Rg. 2; 
Fig. 4 is a partly broken diagram showing a 
stepping motor by drawing deeply the outer 
cylindrical section of the motor of Rg. 1 and 
integrating the coils thereof; 
Rg. 5 is a cross section of the motor In Rg. 4; 
Rgs. 6 A to 6G show the processes of manufac- 
turing a stator for a stepping motor according to 
an embodiment of the present invention; 



Fig. 7 is a cross section for explaining the 
cutting and bending process in Rg. SB; 
Rg. 8 is a cross section for explaining the 45 • 
bending and thickness reducing process in Fig. 
5 6C; 

Rg. 9 is a cross section for explaining the 80* 

bending process In Rg. 6D; 

Fig. 10 is a cross section for explaining the 

second drawing process in Rg. 6E; 
10 Rg. 11 is a cross section for explaining tiie third 

drawing process in Rg. 6F; 

Rgs. 12A to 120 show the processes of forming 

a conventional stator for a stepping motor; 

Rg. 13 is a cross section for explaining a prob- 
75 lem of the conventional method of Rgs. 12A to 

12D: 

Fig. 14 is a diagram for explaining distortions of 
the comb teeth In the peripheral direction occur- 
ring in the punching process In Rg. 12B; and., 
20 Fig. 15 is a perspective view showing a surface 
treated steel sheet used as tiie material for the 
plate. 

DETAILED DESCRIPTION OF THE PREFERRED 
25 EMBODIMENTS 

An embodiment of the present invention will be 
described with reference to the accompanying 
drawings. Rrst, the whole structure of a stepping 
30 motor will be described with reference to Rgs. 1 to 
5. 

In Rg. 1, a rotor 1 of the step motor has a shaft 
2 fixed thereto. Two upper and lower stators 3i , Zz 
are disposed around the rotor 1. Also, two upper 

35 and lower stators 4i, 42 are disposed around the 
rotor 1 under the stators 3i, 32. The stators 3i. 32 
are provided on the Inner peripheral portions with 
respective comb teeth 3a, 3b such that the comb 
teeth 3a are opposite to the comb teeth 3b. Also, 

40 the stators 4i , 42 are provided on the inner periph- 
eral portions with respective comb teeth 4a, 4b 
such that the comb teeth 4a are opposite to the 
comb teeth 4b. The comb teeth 3a, 3b are formed 
so as to have the nortii and south poles alternately 

4S in the peripheral direction. The construction of the 
comb teeth 4a, 4b are the same as that of the 
comb teeth 3a, 3b. Hollow portions of tiie stators 
3i, 32 and 4i. 42 are provided with bobbins 6a, 6b 
which have respective excitation coils 5a, 5b 

50 wound with many turns. Flanges 7a, 7b are welded 
to the respective stators 3i, 4i and formed with 
respective bearings 8a, 8b for supporting the shaft 
2 of the rotor 1 . 

However, when the stepping motor is formed 

55 so as to be a micromotor or the drawing of the 
outer cylindrical section of the stepping motor is 
made deeper, it is necessary to integrate the sta- 
tors 3i and 4i of Rg. 1 into a stator 9 of Rgs. 2 to 
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5. Although thus, the stator 9 of Fig, 2 is formed by 
Integrating the stators of Rg. 1, not only the stators 
but also the coils are integrated in Fig. 4. 

Next, a method of forming the stator 9 will be 
described. Hgs. 6A to 6G show processes of for- 
ming the stator 9 for the stepping motor and Figs. 
7 to 11 show diagrams for explaining members to 
be used in the chief processes of forming the 
stator 9 and the operations of the members. 

First, as shown In Rg. 6A, the first drawing 
process is performed to- a plate 10 to form a flat 
section 12 with the diameter Di and a cylindrical 
section 14 around the outer periphery of the flat 
section 12. This process is performed in a similar 
manner to the conventional process. 

Next, as shown in Fig. 6B, the cutting and 
bending process Is performed to form comb teeth 
16. At this time, the flat section 12 Is cut to form 
comb teeth 16 and the comb teeth are bent only at 
a predetermined small angle (at an angle in a 
range of. e.g., 10* to 40') differently from the 
conventional cutting and raising process (a flat sec- 
tion is cut to form comb teeth and the comb teeth 
are raised at a right angle). Therefore, although the 
whole comb teeth 16 are bent at a time, there is no 
problem concerning the Intensity of a die and no 
inclination of the comb teeth 16 in the peripheral 
direction occurs differently from the conventional 
cutting and raising process wherein the inclination 
of the comb teeth in the peripheral direction occurs 
since the comb teeth are divided into a few groups 
and then bent two times or three times. 

Next, as shown in Fig. 6C, the comb teeth 16 
are further bent up to. e.g.. 45 • . Simultaneously, 
the thickness of the comb teeth 16 are reduced 
about 10%. In this 45* bending and teeth thick- 
ness reducing process, as a punch and die both 
with respective linear processing surfaces are uti- 
lized, the cambers of the comb teeth 16 produced 
in the previous cutting and bending process as 
shown in Rg. 6B are corrected to make the comb 
teeth 16 straight. Also, the thicknesses of the comb 
teeth 16 are made uniform. 

Then, as shown In Rg..6D, the comb teeth 16 
are bent further from about 45 • up to about 80 ' . 
This 80* bending Is for the purpose of making 
large the width of the upper cylindrical section of a 
drawing punch to be used in the following second 
drawing process so as not to cause the lack of the 
Intensity of the drawing punch. 

Next, as shown in Fig. 6E. the second drawing 
process is performed to make the diameter of the 
flat section 12 be D2. 

Next, as shown in Rg. 6F, the third drawing 
process is performed to make the diameter of the 
flat section 12 be D3 as well as to bend the lower 
portion of the cylindrical section 14 at a right angle 
with respect to the cylindrical section 14. 



Rnally. as shown in Rg. 6G, the 90% bending 
process Is performed to bend the comb teeth 16 
up to 90 * . I.e.. a right angle thereby to make the 
Inside diameter of concentric circles of the comb 

5 teeth 16 be di . Although the change of the bending 
angle occurs during the drawing process after the 
cutting and 90 * raising process In the conventional 
method, it will not occur in this 90* bending pro- 
cess as the 90' bending process is performed 

70 finally. Also, as the thicknesses of the respective 
comb teeth 16 are made uniform in the above- 
described 45 • bending and teeth thickness reduc- 
ing process, uniform forces are applied to the re- 
spective comb teeth 16 in the 90* bending pro- 

75 cess. As a result, variations of the squareness or 
right angle accuracy can be reduced. 

Next, the members to be used in the chief 
processes and the operations of the members will 
be described with reference to Rgs.' 7 to 11. Fig. 7 

20 is a cross section showing the cutting and bending 
process corresponding to Rg. 6B. A cutting die 24 
is disposed inside the cylindrical section 14 formed 
In the first drawing process. And, the cutting die 24 
Is brought into contact with the outer peripheral 

25 portion of the flat section 12 of the plate 10 thereby 
to support the flat section 12. A bending die 22 is 
disposed in the center of the cutting die 24 so as 
to support the middle portion of the flat section 12. 
In this condition, a cutting punch 20 is lowered to 

30 cut the flat section 12 to form the comb teeth 16 
and simultaneously to bend the comb teeth 16 to a 
certain degree (at an angle of 10* to 40*). A 
numeral number 26 represents a stopper. 

Rg. 8 is a cross section showing the 45' 

35 bending and teeth thickness reducing process cor- 
responding to Rg. 6C. As shown In Rg. 8, while 
the plate 10 is supported by a supporting die 34 
and a bending die 32, a bending punch 30 is 
lowered to perform the bending and teeth thickness 

40 reducing process. As is apparent from Rg. 8, In 
this process, the bending die 32 with a 45' linear 
surface and the bending punch 30 with a 45' 
linear surface are utilized. Therefore, the comb 
teeth 16 are bent at 45' and become straight. 

45 Also, as the respective comb teeth 16 are pressed 
by the same force, it Is possible to reduce the 
thicknesses of the comb teeth 16 equally about 
10%. A numeral number 36 is a stopper.' 

Rg. 9 is a cross section showing the 80' 

50 bending process corresponding to Rg. 6D. As 
shown in Rg. 9, while the plate 10 is supported by 
a supporting die 44 and a bending die 42, a 
bending punch 40 is lowered to perform the 80' 
bending process. As is apparent from Fig. 9, in this 

55 process, the bending die 42 with a 80* linear 
processing surface and the bending punch 40 with 
a 80* linear processing surface are utilized. A 
numeral number 46 represents a stopper. This 
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process is for the purpose of enabling the Insertion 
of a drawing punch of the following drawing pro- 
cess into the cylindrical section 14 easily by en- 
larging the distance between the cylindrical section 
14 and the comb teeth '16. When e.g.. a 60* 5 
bending and teeth thickness reducing process is 
perfomied other than the 45* bending and teeth 
thickness reducing process, the distance between 
the comb teeth 16 and the cylindrical section 14 is 
enlarged and then the 80 • bending process can be io 
omitted. 

Rg. 10 is a cross section showing the second 
drawing process corresponding to Rg. 6E. As 
shown in Rg. 10. while the plate 10 is supported 
by a drawing punch 52, a drawing die 50 is op- 75 
erated from above to draw the cylindrical section 
14 of the plate 10. 

Rg. 11 is a cross section showing the third 
drawing process con'esponding to Rg. 6F. As 
shown in Rg. 11, while the plate 10 is supported 20 
by a drawing punch 62, a drawing die 60 is op- 
erated from above to draw the cylindrical section 
14 of the plate 10 as well as to bend a lower 
portion of the cylindrical section 14 at a right angle. 

Rnally, as not shown, the comb teeth 16 are 25 
bent up to 90*. i.e., a right angle. In this 90* 
bending process, a bending die and a bending 
punch similar to those shown in Rg. 9 are utilized. 
However, the bending die has a 90* processing 
surface perpendicular to the flat section 12 of the 30 
plate 10 while the bending punch has a 90' pro- 
cessing surface corresponding to the processing 
surface of the bending die. 

The result of the tests which was carried out to 
check the effect of the forming method according 35 
to the present invention will be described below. 

(the results of the tests) 



(1) The cambers of the comb teeth in the con- 
ventional method were 0.05 mm while those of 
the comb teeth In the method of the present 
invention were substantially zero. 

(2) The accuracy of the diameter di of concen- 
tric circles drawn by the comb teeth was im- 
proved. 

(3) The inclinations of the comb teeth in the 
peripheral direction in the conventional method 
were ± 1 • (degree) while those of the comb 
teeth in the peripheral direction in the method of 
the present invention were ±10* (minute). 

(4) The coaxial degree of the concentric circles 
drawn by the cylindrical section and the comb 
teeth in the conventional method was 0.1 mm 
while that of the concentric circles drawn- by the 
cylindrical section and the comb teeth in the 
method of the present invention was 0.03 mm. 



As described above, according to the present 
invention, the cutting and bending process and the 
45* bending and teeth thickness reducing process 
are used in addition to the cutting and raising 
process, so that the cambers of the comb teeth 
and the inclinations of the comb teeth in the pe- 
ripheral direction can be reduced and the square- 
ness can be also improved. Further, as the 90* 
bending process is performed after the drawing 
processes, the squareness can be improved more 
preferably. 

Clafms 

1. A method of manufacturing a stator for a step- 
ping motor, comprising: 

a first drawing process for drawing a plate 
so as to fonm a flat section and a cylindrical 
section around an outer periphery of said flat 
section; 

a cutting and bending process for cutting a 
plurality of comb teeth from said flat portion 
and bending said comb teeth; 

a thickness reducing process for reducing 
thicknesses of said respective comb teeth so 
as to make the thicknesses of said comb teeth 
uniform; 

a second drawing process for drawing said 
cylindrical section after said thickness reducing 
process such that the diameter of said cylin- 
drical portion becomes smaller; and 

a bending process for bending said comb 
teeth up to a right angle. 

2. A method according to claim 1, wherein said 
thickness reducing process includes a bending 
and thickness reducing process for reducing 
the thicknesses of said respective -Comb teeth 
so as to make the thicknesses of said comb 

40 teeth uniform as well as bending said connb 

teeth further. 

3. A method according to claim 1, further com- 
prising a third drawing process for drawing 

45 said cylindrical section after said second draw- 

ing process so as to make the diameter of said 
cylindrical section much smaller. 

4. A method according to claim 2, further com- 
50 prising a second bending process for further 

bending said comb teeth bent in said bending 
and thickness reducing process. 

5. A method according to claim 4, wherein said 
55 comb teeth are bent up to an angle of 10* to 

40' In said cutting and bending process. 
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6. A method according to claim 4, wherein the 
thicknesses of said comb teeth are reduced 
about 10% and said comb teeth are bent up to 
an angle of about 45* in said bending and 
thiclcness reducing process. 

7. A method according to claim 4, wherein said 
comb teeth are bent up to an angle of about 
80 * in said second bending process. 
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a A method of forming a stator for a stepping 
motor, comprising: 

a cutting and bending process for forming 
a plurality of comb teeth by cutting said comb 
teeth from a flat section of a plate formed with 75 
a cylindrical section around said flat portion 
and bending said comb teeth up to a first 
angle; 

a bending and thiclcness reducing process 
for bending said comb teeth further up to a 20 
second angle larger than said first angle and 
reducing thicknesses of said respective comb 
teeth so as to make the thicknesses of said 
comb teeth uniform; and 

a drawing process for drawing said cylin- 25 
drical section at least one time; and 

a bending process for further bending said 
comb teeth up to a right angle. 

9. A method according to claim 8, further com- 30 
prising a bending process for bending said 
comb teeth up to a third angle larger than the 
second angle but smaller than a right angle 
after the bending and thickness reducing pro- 

35 
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